Sorafenib is currently the only efficient molecular targeted therapy for hepatocellular carcinoma (HCC), although its effect is relatively moderate and variable between individuals. The present study aimed to evaluate the significance of peripheral blood neutrophils in the prognosis of HCC patients treated with sorafenib. A total of 464 patients with HCC were treated with sorafenib at Zhongshan Hospital (Shanghai, China) between January 1st, 2008 and December 31st, 2012, among which 120 patients were enrolled in the study. The optimal cutoff point for low vs. high neutrophil count (3.65x10 9 ) was obtained from a receiver operating characteristic curve. Overall survival (OS) was compared between the patients with low and high peripheral neutrophil counts. Univariate and multivariate analyses were used to explore the prognostic factors associated with OS in the patients treated with sorafenib. A nomogram model was also performed to predict the OS times of these patients. The median OS time was 9.0 months (95% confidence interval, 5.9-12.1 months) in the whole group of patients, with 1-, 2-and 3-year OS rates of 36, 24 and 16%, respectively. Using a cutoff level of 3.65x10 9 neutrophils/l, the median OS time was longer in the group of patients with a low peripheral neutrophil count than in those with a high peripheral neutrophil count (11.5 vs. 5.0 months, respectively; P<0.001). The multivariate analysis showed that peripheral neutrophil count, α-fetoprotein level and tumor size were independent prognostic factors for OS. In addition, using the nomogram model for the prediction of OS, the Harrell's c-index was 0.79. Therefore, it was concluded that a lower peripheral blood neutrophil count was associated with a better prognosis following treatment with sorafenib therapy.
Introduction
Hepatocellular carcinoma (HCC) is the sixth most prevalent cancer and the second most frequent cause of cancer-associated mortality worldwide, with nearly 780,000 new cases diagnosed annually (1, 2) . The prognosis of HCC has been improved due to the availability of curative options, such as liver transplantation, hepatic resection and radiofrequency ablation used at an early stage. However, due to its high metastatic potential, more than half of HCC patients develop recurrence or distant metastasis within 5 years post-surgery. Transcatheter arterial chemoembolization (TACE) is the major treatment method for intermediate-stage HCC; however, treatment-refractory disease or metastasis can lead to TACE failure (3, 4) . Therefore, systemic therapies, such as sorafenib, are applied as alternative treatment options.
Sorafenib is an oral, multi-target and multi-kinase inhibitor, and is used to treat HCC through blocking mitogen-activated protein kinase signaling and through inhibiting vascular endothelial growth factor (VEGF) receptor and platelet-derived growth factor receptor to produce anti-angiogenic effects (5, 6) . Currently, it is the only molecular targeted drug that exerts a clear survival benefit and has been approved by the Food & Drug Administration for advanced HCC (7) ; it is regarded as a first-line therapy according to the 2008 National Comprehensive Cancer Network guidelines (8) . In the SHARP study, the median overall survival (OS) times were 10.7 months in the sorafenib group and 7.9 months in the placebo group (P<0.001); and the median times to radiological progression were 5.5 months in the sorafenib group and 2.8 months in the placebo group (P<0.001) (9) . The phase III Sorafenib Asia-Pacific trial, restricted to an eastern population, also showed that sorafenib could significantly prolong the median OS time from 4.2 to 6.5 months compared with placebo group (10) . However, the objective response rates (ORRs) in these two trials were 2 and 3.3%, suggesting that the efficacy of sorafenib remained limited. A propensity score analysis indicated that initial half-dose sorafenib treatment led to fewer severe adverse effects and a comparable survival benefit compared with a full dose in patients of advanced age (median, 75 years) with HCC (11) . In addition, another study indicated that skin toxicity should be closely monitored in HCC patients treated with sorafenib, due to its association with sorafenib efficacy (12) .
To date, the innate mechanisms of tumor pathogenesis and progression remains unclear. However, several studies have indicated that tumor pathogenesis and progression are closely associated with the tumor microenvironment, as well as tumor cells themselves (13) . Recent studies have suggested that a systemic inflammatory state is associated with the malignant biological behavior of the tumor (14, 15) . In particular, the neutrophil-lymphocyte ratio (NLR) has been evaluated as a predictor of prognosis in various types of solid tumor, including gastric, colorectal, pancreatic, breast and lung cancers (16) (17) (18) (19) . An elevated NLR has already been shown to be associated with poor prognosis in patients with HCC treated by liver transplantation, surgical resection, or TACE (20) (21) (22) . The present study evaluated the association between peripheral blood neutrophil count and the prognosis of HCC treated with sorafenib, and revealed peripheral neutrophil count as a prognostic factor in such cases.
Patients and methods
Patients. A total of 464 patients with HCC and who were treated with sorafenib at the Department of Hepatic Oncology of Zhongshan Hospital affiliated to Fudan University (Shanghai, China) between January 1st, 2008 and December 31st, 2012, were initially included in the present study. The study was retrospective and non-interventional. At the time the patients were enrolled, the majority of them had passed away due to disease progression. Therefore, the requirement for informed consent was waived, and the study protocol was approved by the Ethics Committee of Zhongshan Hospital, Fudan University. The study conformed to the principles of the Declaration of Helsinki.
The inclusion criteria were as follows: i) Diagnosis of HCC based on pathology or non-invasive diagnostic criteria [such as liver cirrhosis; evidence of chronic hepatitis B virus (HBV)/hepatitis C virus infection; or dynamic computed tomography (CT) or magnetic resonance imaging (MRI) with intense contrast-uptake during the arterial phase followed by contrast washout during the venous or delayed phases]; and ii) patients received sorafenib therapy continually for ≥3 months. The following exclusion criteria were applied: i) treatment combination included TACE therapy following sorafenib; ii) incomplete clinical parameters were available, affecting outcome analysis; iii) other concurrent cancers were present; iv) leukogenic drug treatment had been taken within 1 week prior to blood collection; v) concurrent infectious diseases were present. Finally, 120 patients were enrolled in the present study, as illustrated in the enrollment flowchart ( Fig. 1 ). The characteristics of these 120 patients are presented in Table I .
Sorafenib treatment. The initial sorafenib oral dose was 400 mg twice daily. Among patients with liver dysfunction of Child-Pugh class B, sorafenib could be initiated at a reduced starting dose of 400 mg once daily, with subsequent dose-escalation according to tolerance. For patients receiving full-dose sorafenib, intake could also be adjusted for the management of adverse events, depending on their type and severity according to the NCI Common Terminology Criteria for Adverse Events (CTCAE) v3.0 (23).
Follow-up and assessment. All patients were followed up every month, which included a routine blood examination, liver function tests and analysis of α-fetoprotein (AFP) levels. Response was evaluated by CT or MRI at intervals of 2-3 months. All patients were followed up until December 31st, 2015.
The primary endpoint of the study was OS, which was defined as the time between the commencement of sorafenib therapy and either the date of mortality due to any cause or the last observation date of surviving patients. The secondary endpoint was disease-control rate (DCR), which was defined as the percentage of patients who had a best-response rating of complete response, partial response, or stable disease [according to the Response Evaluation Criteria in Solid Tumors (RECIST) 1.1] (24).
Statistical analysis. Data were evaluated using SPSS software, version 21.0 (IBM Corp., Armonk, NY, USA). Continuous variables were expressed as the mean ± standard deviation and ranges (minimum-maximum), and were compared using an unpaired Student's t-test, Welch's t-test, or Mann-Whitney rank sum test, according to the normality and homogeneity. Categorical variables were expressed as the frequency and compared using a χ 2 test. The optimal cutoff point for neutrophil count was obtained from a receiver operating characteristic (ROC) curve. The Kaplan-Meier method was used to evaluate OS and to carry out the univariate analysis, and the differences between groups were analyzed with a log-rank test. The independent prognostic value of each factor was explored by multivariate analysis according to a Cox proportional hazards model. P<0.05 was considered to indicate a statistically significant difference.
Results
Patient characteristics. The median age of the 120 enrolled patients was 52.5 years (range, 21-78 years). The majority of the patients were male (n=105; 87.5%). HBV surface antigen (HBsAg) was positive in 83 patients (72.2%). Well-preserved liver function (Child-Pugh class A) was found in 98 patients (89.9%). Elevated AFP levels (>20 ng/ml) were detected in 87 patients (72.5%). There were 57 patients (52.3%) who had ≥3 tumors. Tumors measuring >5 cm in longest diameter were found in 38 patients (37.3%). Extrahepatic spread was found in 63 patients (52.5%), and vascular invasion in 30 patients (25.0%). Barcelona Clinic Liver Cancer (BCLC) stage C was found in 79 patients (65.8%). The detailed characteristics of the patients are shown in Table I .
OS and objective response. The patients were followed until December 31st, 2015. The median follow-up time was 8.5 months (range, 1.0-80.5 months). At the time of recording of the data, 92 mortalities (76.7%) had occurred. The median OS time for the entire cohort was 9.0 months [95% confidence interval (CI), 5.9-12.1 months], and the 1-, 2-and 3-year OS rates were 36, 24, and 16%, respectively.
The baseline neutrophil count was measured within 1 week prior to sorafenib treatment. The mean baseline level of neutrophils was 3.34x10 9 /l, with a range of 0.7-9.1x10 9 /l. Using an ROC curve, the optimal cutoff point for absolute neutrophil count (3.65x10 9 /l) was determined according to the median OS time. The area under the curve was 0.612 (95% CI, 0.504-0.720; P= 0.044). The sensitivity and specificity were 0.446, and 0.849, respectively ( Fig. 2A) .
According to the cutoff point for neutrophil count determined from the ROC curve, the patients were divided into two groups: A low-neutrophil group (count, <3.65x10 9 /l; n= 81) and a high-neutrophil group (count, ≥3.65x10 9 /l; n=39). The median OS time of the low-neutrophil group was 11.5 months (95% CI, 9.7-13.3 months), compared with 5.0 months (95% CI, 3.2-6.8 months) for patients in the high-neutrophil group (P<0.001; Fig. 2B ). In the low-neutrophil group, 2 patients (2.5%) had a partial response and 34 (42.0%) had stable disease (according to RECIST), whereas in the high-neutrophil group, no patients (0%) had a partial response and 8 (20.5%) had stable disease. There were no complete responses in either group. The DCR was significantly higher in the low-neutrophil group than in the high-neutrophil group (44.4 vs. 20.5%; P=0.011; Table II ).
Univariate and multivariate analyses of prognostic factors.
The potential prognostic factors were evaluated to identify any significant associations with the OS of the patients. As is shown in the Table III , the significant prognostic factors were revealed as HBsAg (P= 0.037), neutrophil count (P<0.001), AFP level (P<0.001), tumor number (P=0.001), tumor size (P<0.001), tumor thrombus (P=0.005), extrahepatic metastasis (P=0.030) and BCLC stage (P= 0.005). All the statistically significant prognostic factors in the univariate analysis were included in the multivariate analysis, except BCLC stage (which is evaluated by tumor size, tumor number, tumor thrombus and metastasis). The multivariate analysis identified that a high baseline neutrophil count was an independent prognostic factor associated with OS (P=0.023, HR=1.796), in addition to AFP level (P=0.004) and tumor size (P=0.006) (Table III) .
Prognostic nomogram for OS. To predict the 1-year survival and 3-year survival rates for HCC patients treated with sorafenib, a nomogram model that integrated all significant independent factors for OS was produced according to the multivariate Cox regression model (Fig. 3) . The Harrell's ç-index for OS prediction was 0.79.
Discussion
Currently, sorafenib is the only molecular targeted drug to provide a clear survival benefit for patients with advanced HCC; it has been shown to prolong the OS time of these patients for ~3 months (9) . A numbers of studies have proven its safety and effectiveness (25) . Although the appearance of sorafenib brings hope to patients with advanced HCC, the ORR of sorafenib remains low due to tumor heterogeneity. Therefore, it is important to identify the best prognostic factors that can predict response to sorafenib. Certain studies showed that serum VEGF concentration and extracellular signal-regulated kinase levels were good predictors (26, 27) ; however, other surrogate biomarkers must be explored to evaluate prognosis or the efficacy of treatment with sorafenib HCC.
In the present study, the patients were restricted to those with BCLC stage C or BCLC stage B but who had previously experienced TACE failure, for whom sorafenib is the major treatment method (28) . Routine blood tests are a conventional Table III . Univariate and multivariate analyses of factors in association with overall survival.
Univariate analysis
Multivariate analysis examination for patients, and neutrophil counts are commonly used to evaluate a patient's inflammatory state in clinical practice. Tumor neutrophil infiltration has also been found to be associated with the promotion of inflammation, contributing to tumor progression (29) . Therefore, we hypothesized that the peripheral neutrophil count could be a biomarker indicative of the tumor inflammatory microenvironment in HCC and the efficacy of sorafenib treatment. The median OS time of the low-neutrophil group was significantly increased compared with that of the high-neutrophil group (11.5 vs. 5.0 months). In addition, the DCR was significantly higher in the low-neutrophil group than in the high-neutrophil group (44.5 vs. 20.5%). Univariate and multivariate analyses revealed that neutrophil level is an independent prognostic factor for OS. In addition, peripheral neutrophil count was associated with platelet count as they were components of the same hematopoietic system. Furthermore, peripheral neutrophil count was associated with AFP level and tumor size (data not shown), suggesting the following possible mechanism: Increased neutrophil levels alter the tumor microenvironment, and the formation of the inflammatory microenvironment affects the sensitivity of HCC to sorafenib treatment, thus promoting tumor growth, resulting in elevated AFP concentration. In similar studies, researchers have investigated the use of NLR as a prognostic factor. Motomura et al (30) found there was a correlation between elevated NLR and upregulated interleukin (IL)-17 concentration in serum and peritumoral regions. IL-17 is a proinflammatory cytokine that promotes HCC growth (31) . In our preliminary data analysis, neutrophil count was found to have a significant association with OS, whereas lymphocyte count did not. In addition, NLR was associated with survival, but was not as significant as the neutrophil count (data not shown). Therefore, in the present research, the absolute neutrophil count was used as a predictor. Furthermore, studies have shown that neutrophils are associated with the systemic release of growth factors and proteolytic enzymes, such as VEGF and matrix metalloproteinase-9, which promote tumor invasion, metastasis and angiogenesis (32, 33) .
Peripheral neutrophils
In present study, a nomogram model was created to predict the survival rate based on neutrophil count and other prognostic Figure 3 . A nomogram predicts the probability of OS based on neutrophil and other prognostic factors in HCC patients treated with sorafenib. To use the nomogram, an individual patient's value is located on each variable axis, and a line is drawn upward to determine the number of points received for each variable value. The sum of these numbers is then located on the 'Total points' axis, and a line is drawn downward to the survival axes to determine the likelihood of survival at 1 or 3 years. The Harrell's c-index for OS prediction was 0.79. For variables displayed as binary, 0 and 1 correspond to the following values: HBsAg, negative=0, positive=1; neutrophil count, ≤3.65x10 9 /l= 0, >3.65x10 9 /l=1; thrombus, no=0, yes=1; metastasis, negative=0, positive=1; tumor size, ≤5 cm=0, >5 cm=1. OS, overall survival.
factors. We suggest that this model may be a simple and easy tool for estimating the survival probability of patients with HCC. The Harrell's c-index was 0.79 for this model, indicating that this model was basically consistent with the actual conditions.
Although the present study has revealed a relationship between peripheral neutrophil count and the efficacy of sorafenib treatment, the underlying mechanisms require further exploration. As a retrospective study, there are certain limitations, such as the presence of possible bias, and further prospective randomized controlled trials are encouraged to evaluate the predictive role of peripheral neutrophils in the efficacy of sorafenib treatment for HCC.
